of embryonic chick leg muscle cells have been employed to establish replicate monolayer cultures. Such cultures grow rapidly to form a confluent layer of cells. Despite culture conditions generally assumed to be " dedifferentiative, " a high degree of differentiation is attained in terms of the development of cross-striated myofibrils and contractility. To evaluate the possible role of in situ nuclear replication in the development of multinuclearity in muscle cells, an inhibitor of deoxyribonucleic acid (DNA) synthesis, methyl-bis (betachloroethylamine) (nitrogen mustard), was employed. Treatment with nitrogen mustard at concentration levels that profoundly inhibit DNA synthesis does not block the formation of multinuclear cells. On the basis of the pattern of nuclear enlargement after nitrogen mustard treatment, the cytologic picture of treated cultures is interpreted as indicating that the nuclei of only mononucleated cells are normally capable of proliferation. An absence of proliferative activity in the nuclei of multinuclear cell suggests that myoblast proliferation is self-limiting in this system and may explain, in part, the high degree of differentiation attained in monolayer culture.
IN DEVELOPMENTAL BIOLOGY, as in
the biologic sciences generally, a significant factor in the development of an area of research is often the choice of the most suitable system. The system should permit ready manipulation of its components, rigid control of environmental factors, and accurate reproducibility. Tissue and organ culture technics have, in the past, served admirably in approaching these goals. 1 The development of satisfactory technics for preparing cell suspensions from organized tissues2' 3 and for cultivating such cells on a glass substratum4 offers a degree of precision difficult to equal.
Although tissue disaggregation has been applied fruitfully to the problem of cell affinities and the factors controlling the reorganization of tissue architecture,>10 the extension of the technic to the cultivation of dispersed cells has not been widely applied to developmental problems.11-17 This is understandable in view of the prevailing opinion, which holds that cellular differentiation depends on cell density. 18 With respect to this viewpoint, cellculture technics may present an opportunity to explore the nature of such a dependence.
The present studies deal with the use of monolayer cultures of cell suspensions to examine cellular differentiation in embryonic muscle cells. Embryonic skeletal muscle cells grow in cell culture and, when confluency is approached, differentiate into elongated multinuclear cells in which the development of typical cross-striated myofibrils occurs progressively and which acquire the ability to contract vigorously. 19 Culture Methods The sparsity of extracellular connective-tissue fibrils and the relatively greater extracellular space of embryonic tissues render them more readily dissociable by brief treatment with dilute trypsin than adult tissues. Leg muscle from 11-to 12-day-old chick embryos can be disaggregated by a 10-minute incubation at sumed antagonism between proliferation and differentiation has long received theoretical attention, at least, from developmental biologists. Indeed, one of the characteristics of organ culture that is commonly employed to study differentiation is reduced proliferation. These results extend the qualitative observation that an increase in cell number occurs during the initial period of cultivation. They indicate, moreover, that during this period proliferation is rapid, the population doubling every 24 hours. Although a break in the rate of accumulation of both DNA and PN is temporally associated with the period of multinuclear cell formation, any attempt, at present, to assess the extent to which these events are causally related would be premature.
These data are an indication of overall growth; however, they do not, of course, permit a distinction between the contributions made by the various cell types in heterologous populations such as these.
Nuclear Counts
Nuclear counts were made in order to compare the rate of development of multinuclearity with the rate of cell proliferation. Reduction of the population size to magnitudes that would permit counting of nuclei was achieved by depositing measured microdrops (5 AIL. volumes) of cell suspension on coverslips submerged under paraffin oil. Paraffin oil has been employed successfully in microdissection to prevent evaporation of the medium while permitting gas exchange.32
At 24-hour intervals after depositing the microdrops, cultures were fixed, stained, and counted. Figure 4 consists of photomicrographs of such cultures fixed at 24, 48, and 72 hours after plating. Grossly it is apparent that the population has increased throughout the period and that the area occupied by multinuclear cells (dark-staining cytoplasm) has increased, at least between the first and second day. Identification of syncytial nuclei is facilitated by the fact that the majority of the nuclei within syncytia are, at this stage, contiguous. Additional criteria are the marked basophilia of the cytoplasm of the multinuclear cells and the more regular spherical shape of syncytial nuclei. The occasional superimposition of a mononuclear cell over a multinuclear cell can be readily detected by differences in focal plane as well as by tracing cell boundaries (see arrow, fig. 4 ).
In figure 5 cells alone, a relative growth rate of 0.0197 is found, which is less than one-fifth of the rate of increase in syncytial nuclei. Nuclear counts demonstrate, in addition, that at some stage nuclear division has occurred in the population of prospective myogenic cells. Figure 5 indicates that by the third day of microdrop culture the number of syncytial nuclei is almost twice the total number of nuclei present at 24 hours. Even assuming that all of the nuclei present at 24 hours are of myogenic cells, an assumption not supported by the multiplicity of cell types observed in culture, this is a clear indication of proliferative activity on the part of the myogenic elements.
On the evidence currently available, it seems most likely that this proliferation occurred before the myogenic cells became multinuclear. Mitotic figures are rarely, if ever, observed in multinuclear muscle cells.1 In the extensive cultured material used in these studies they have never been observed. This fact has led to the postulation of 2 alternative mechanisms to explain the development of multinuclearity. One view holds that nuclear replication does occur but by a process of direct splitting of the nuclei. Support for this hypothesis is based largely upon the interpretation placed on cytologic preparations. Various deformations of syncytial nuclei have been described that suggest incipient or recent splitting. [33] [34] [35] Alternatively, it has been postulated that multinuclearity results from successive fusion of mononucleated cells. 23 treatment. In these experiments the attainment of multinuclearity during the 24-hour incubation period after mustard treatment was circumvented by using sparsely seeded cultures. To test the capacity to form multinuclear cells, these cultures were then trypsinized, the cell suspension concentrated, and denser cultures set up in smaller vessels.
Again, nitrogen-mustard treatment did not prevent the development of multinuclearity ( fig. 9 ). Cytologically the nitrogen-mustardtreated cultures present further evidence which suggests that the nuclei of the multinuclear cells are normally nonproliferative.
In his pioneering studies on the developmental effects of nitrogen mustard, Bodenstein demonstrated that extreme nuclear enlargement and giant-cell formation were commonly observed after mustard treatment.38' 39 The effects occurred only in those cells that would normally have been described as proliferative. This was most clear-cut in the case of the eye of the amphibian larva where a sharp demarcation exists between the proliferative zone and the zone of postmitotic differentiating cells.
A similar situation exists in nitrogen-mustard-treated muscle cultures. Here the cells that exhibit marked nuclear enlargement are the mononucleated "fibroblast-like " cells. The nuclei of the multinuclear cells that form after treatment are closer to normal size. However, the effect of nitrogen-mustard treatment is evident in these nuclei also by virtue of the wider variation in nuclear size than is normally seen (compare figs. 9C and 9D) and the presence in both cell types of nuclear fragments or micronuclei.
The analogy suggested is that the "fibroblast-like " cells correspond to the cells of the proliferative zone in Bodenstein's work, while the multinuclear cells correspond to the postmitotic differentiating cells.
The results of the studies with nitrogen mustard indicate that nuclear proliferation plays no significant role in the development of multinuclearity in the system under study and are compatible with the conclusions drawn from studies representing a variety of approaches.
Thus, microspectrophotometric analysis of regenerating mouse muscle indicates an essentially unimodal (diploid) distribution curve of DNA per nucleus in regenerating myotubes. 23 Myoblast fusion has been observed40 and recorded microcinematographically,22 41 It has also been reported that interordinal chimera form in mixed cultures of mouse and chick myoblasts.42
